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In the preceding papers of this series,  I it has been shown that a well 
defined minimum value of the static surface tension of fresh, clear serum 
could be observed at  a  given high  dilution,  and  the  conclusion  was 
reached that under given conditions serum and serum solutions behave 
as true solutions.  In order to explain the presence of this minimum, 
--,or of these minima, as in most cases more than one can be observed, 
--it was necessary to resort to the hypothesis that all the constituents 
of the serum acted as though they were bound together in the shape 
of a huge molecule and that at some critical concentrations, the organi- 
zation of these molecules in the surface layer decreased the value of 
the tension measured by the du Notiy tensiometer.  The similarity of 
this phenomenon with that observed in the case of sodium oleate,  ~ egg 
albumin, 8 and recently  digitonin, 4 the important  decrease in the rate 
of evaporation  at  the same critical concentration,"  and  the displace- 
ment of the minimum when  the surface of adsorption was changed, 6 
seemed to bear out this hypothesis satisfactorily. 
The  question  then  arose as to whether  solutions of plasma would 
behave in the same way, namely, as large molecules capable of organiz- 
ing themselves at a given concentration, or whether they would behave 
as though  molecules of another  substance but of approximately  the 
x du Noiiy, P. L., Surface tension of serum, Papers I-X, Y. Exp. Med.,  1922, 
xxxv, to  1924, xl;  Paper XI, J. Gen Physiol.,  1924, vi, 625;  Papers  XlI-XIV, 
J. ;Exp. Med.,  1925, xli to xlii. 
= du Noiiy, P. L., Phil. Mag.,  1924, xlviii, 254, 664. 
3 du Noiiy, P. L., Y. Biol. Chem., 1925, lxiv, 595. 
4 Unpublished experiments. 
s du Noiiy, P. L., ]. Exp. Med.,  1924, xxxix, 717. 
6 du Noiiy, P. L., ]. Exp. Med., 1924, xl, 133. 
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same molecular  weight  were  added  to  the  serum.  In  other  words, 
when fibrinogen is present in the serum, does it exist separately, or is 
it  part  of  the  serum  molecule,  which  would  then  be  a  "plasma 
molecule "? 
If  the  Jibrinogen  is  supposed to  exist  as  a  separate  substance  in 
solution (plasma =  serum molecules -b fibrinogen molecules), then the 
concentration at which the principal minimum of surface tension occurs 
will not be changed as the space occupied in the horizontal plane by 
the "serum molecules" will be the same.  By diluting serum or plasma 
10,500 times, a minimum  should be expected in both cases, although 
the concentration of the latter in proteins would be greater,  and con- 
sequenfly also the thickness of the adsorbed layer.  The same would 
happen if the fibrinogen were bound at one end of the serum molecule, 
without involving any change in structure.  Therefore, in case no shift 
should be observed, no definite answer could be given as to whether 
the fibrinogen exists separately or whether it is merely an easily de- 
tachable group fixed at one end of the serum molecule. 
But if the fibrinogen, instead of being merely additive, were actu- 
ally part of the molecule,  the whole structure  and  symmetry of the 
assumed "plasma molecule" might be different from that of the "serum 
molecule,"  and  consequently,  the  space occupied in  the  horizontal 
plane by these two molecules might also differ.  If it is assumed that 
the  "plasma molecule"  can orient  itself in  a  monolayer  as does the 
"serum molecule,"  a  shift in  the place of the minimum  is to be ex- 
pected.  Therefore, should a minimum be observed with plasma solu- 
tions,  and  should  this minimum  occur at  the same concentration  as 
it does with serum, it would indicate that the orientation and dimen- 
sions of the serum molecules in  the horizontal plane  are unchanged. 
In this case, no answer could be given as to the possible link between 
fibrinogen and serum; on the contrary, should the principal minimum 
be shifted toward higher or lower concentrations,  one could logically 
assume that the molecules present in the solution are different in size 
and shape from those of the serum, but similarly capable of organizing 
as polarized units. 
EXPERIMENTAL  AND  RESULTS. 
The  blood  was  collected  and  centrifuged  immediately,  and  the 
plasma was diluted  as soon as possible in  saline  solution.  In  a  few P.  LECOMTE DU  NOOY 
cases, coagulation occurred at the concentration 1:100,  but never at 
1:1000.  When  dilutions  were  made  rapidly,  no  difficulty was  en- 
countered.  The experimental part  of this  work  was carried out by 
Mr. J. Zwick.  (Text-figs. 1 and 2.) 
The results of twenty-two series of measurements are not as sharply 
defined as one might have hoped.  However, when the frequency of oc- 
currence of the minima at a given concentration is taken into considera- 
tion (Text-fig. 3),  it is  clear  that minima are observed in the  case of 
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TEX¢-FIG.  1.  Experiment  l.  Static values of diluted rabbit plasma,  as a 
function of the concentration.  The two curves give the results of two series of 
measurements,  one after 2 hours, the other after 18 hours. 
plasma and that the most important of them are shifted with respect to 
those of the serum.  Text-fig. 4 expresses the mean value of the twenty- 
two curves.  If the  minima  which  only  occurred  twice  or less  are 
omitted as due to experimental errors,it is obvious from Text-fig. 3 that 
out of thirty-eight minima observed in the eleven series of experiments 
with plasma,  twenty or  53  per  cent occurred  at  concentrations be- 
tween 1:9500  and 1:9800.  Out of  the thirty-four minima found for SURFACE TENSION  O~F  SERUM.  XV. 
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"I~xtr-FxG. 2.  Experiment 2.  Static values of diluted rabbit serum, as a func- 
tion of the concentration.  The two curves give the results of two series of meas- 
urements, one after 2 hours, the other after 18 hours. 
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TEXT-FZe. 3.  Frequency of occurrence of the minima of static surface tension 
in plasma and serum (eleven experiments for each). 
serum under  the  same  conditions,  seventeen or 50 per cent occurred 
at  concentrations  between  l: 10,200  and  1:10,500.  Although  the 
minima 1: 9600 for plasma and  1:10,500  for serum are quantitatively 
more  important,  as  is  seen  from  Text-figs.  3  and  4,  one  must not 
neglect  the fact  that  the minimum  1:9800  (plasma)  shows  the  same P. LECOMTE DU  NOUY 
degree of probability (Text-fig. 3),  and that the minimum 1:10,200 
(serum) was even more frequent than that at  1:10,500.  Therefore, 
it  seems desirable  to  take  into  account  the mean  values,  namely, 
1:9700  for plasma,  and  1:10,350  for  serum.  These concentrations 
differ by about 6.3 per cent.  This percentage expresses the difference 
in thickness of monolayers of plasma and of serum.  It is assumed 
that the specific gravity of fibrinogen is the same as that of the other 
proteins of the serum, which is probably very nearly true.  Hence, 
the thickness of the plasma monolayer is  greater by 6.3  per cent in 
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TEXT-FIG.  4.  Mean  values of eleven series of measurements for serum and 
eleven series of measurements for plasma. 
round figures than that of serum.  As the "length" of the total "serum 
molecule,"  according to  our  former  determinations,  5 is  about  40.5 
~mgstr6m units, or 4.05m# the length of the  "plasma molecule" will 
be 43.05 ,~ugstr6ms in round figures, or 4.3m#.  This difference should 
correspond to the amount of fibrinogen present.  Two careful deter- 
minations of the fibrin content of rabbit  plasma, with two different 
methods,  7 gave  tile figures 4.5  and 4.65  per cent of total  proteins. 
Van Slyke's method, and the method consisting of weighing the dry substances 
of the plasma and of the serum, after dialyzing the salts out, then the fibrin, proper 
care being taken to remove all the salts by washing the fibrin carefully. 6  SUR~FACE  TENSION  OF  SERUM.  XV. 
According to Lambling, 8 only 60  to  70 per cent of the fibrinogen  is 
transformed into fibrin after coagulation.  If 65 per cent is taken as 
a mean value, 4.6 per cent of fibrin corresponds to about 7 per cent of 
fibrinogen.  The shift in the minimum,  therefore, seems to be in good 
accord with the fibrinogen content, rather than with the fibrin content. 
However, it is not the intention of the writer to insist upon his figure 
as being a  check of Lambling's  statement,  as too little  is known  at 
present  about  this  subject.  The  error  introduced  through  the  fact 
that the amount of fibrinogen is expressed in per cent of the proteins 
and that the increase in thickness of the monolayer is expressed in per 
cent of total serum does not amount to more than about 0.3 per cent 
and is negligible in consideration of the other causes of error. 
CONCLUSIONS  AND  SIY~MARY. 
Experiments are reported which indicate that a shift toward higher 
concentrations is observed in the minimum value of the static surface 
tension when plasma instead of serum solutions is used.  The amount 
of the shift, expressed as a  function of the  concentration,  shows  that 
the figures are in satisfactory agreement with the determined  amount 
of fibrinogen in the plasma. 
Some evidence is given that "plasma molecules" capable of organiz- 
ing themselves on adsorbing surfaces exist in plasma,  and  that  their 
length would be approximately 4.3 m# in round figures, instead of 4.0 m/z 
for the  serum.  The area  occupied in  the plane of adsorption by one 
individual  molecule is,  however,  smaller  than  that  occupied  by the 
"serum  molecule,"  thus  indicating  a  marked  structural  difference 
between the  two,  the "plasma molecule"  being  narrower but longer 
than  the "serum molecule."  This difference may be due either to a 
different orientation accompanied by an increase in one of the dimen- 
sions, or else to an actual difference in structure  with respect to the 
main axis, resulting in a decrease in the mean diamefer of the "serum 
molecule" with an increase in the length of its main axis.  The mass 
of the "plasma molecule" is about 6.3 per cent larger than that of the 
"serum molecule," in the case of rabbit serum. 
s Lambling, E., Precis de biochimie, Paris, 1911, 250. 